Results: Higher HDL was associated with total cholesterol, underweight, and alcohol drinking in both men and women. It was also associated with education, blood group B, and marital status in men as well as with age in women. Moreover, it was associated with total cholesterol, underweight, and age in both menopausal and non-menopausal women. Furthermore, it was associated with marital status in non-menopausal women and alcohol drinking in menopausal women. Lower HDL was associated with triglycerides, low-density lipoprotein (LDL), overweight, obesity, waist-hip ratio (WHR), uric acid, and smoking in both men and women and with coffee drinking in only women. It was also associated with uric acid, triglycerides, LDL, overweight, obesity, WHR, and body fat in both menopausal and non-menopausal women. Moreover, it was associated with coffee drinking in menopausal women.
INTRODUCTION
HDL cholesterol is an important biomarker of health especially cardiovascular and metabolic health [1] . A vital function of HDL is to enhance the reverse cholesterol transport (RCT) pathway which accounts for its anti-atherosclerotic property [2] . In this pathway, cholesterol is carried to the liver for biliary excretion thereby preventing its accumulation in the arterial wall. HDL's anti-inflammatory, anti-oxidative, anti-apoptotic, anti-infectious, and anti-thrombotic properties are also well known [1, [3] [4] [5] . Maintaining HDL at desired levels is of clinical significance. The beneficial minimal cutoff levels of HDL are ≥40 and ≥50 mg/dL for men and women, respectively [6] [7] [8] . A desired HDL level (e.g., >40 mg/dL) is a vital therapeutic target in primary and secondary prevention [9] . It is believed that low levels of HDL need to be raised in many patients even if LDL or non-HDL levels are yet to be reduced to the target levels [10] . For instance, for individuals with low HDL and hypertriglyceridemia, metabolic syndrome, type 2 diabetes mellitus or a high cardiovascular risk (>20%), reaching the HDL therapeutic target is recommended [9] . Because of the health impacts of HDL, it is important to study factors that influence it. A greater fraction of these factors is inherited [11] [12] [13] . However, socio-demographic and lifestyle factors including age, sex, menopausal status, hormone replacement therapy, exercise, alcohol drinking, BMI, smoking, and diet are non-genetic [11] [12] [13] [14] [15] [16] . Lifestyle factors like exercise, alcohol drinking, smoking, BMI, and diet are modifiable and can raise HDL levels if well managed [15] . Raising HDL levels can in turn help in preventing cardiovascular diseases. There are some controversies regarding HDL and its associated factors especially when menopausal status is considered [16] [17] [18] [19] . HDL levels have been shown to be significantly different between men and women [17, 20, 21] . This study was conducted to investigate factors, especially modifiable factors associated with HDL under stratification by sex and menopausal status. Tables 1 and 2 show the participants characteristics based on sex and menopausal status, respectively. There was a significant difference (P = 0.0021) between the percentage of men and that of women as far as HDL is concerned (Table 1) . However, the percentage of menopausal women was not significantly different from that of the non-menopausal women (Table 2) . Tables 3  and 4 show the factors associated with HDL stratified by sex and menopausal status, respectively. Higher HDL was associated with total cholesterol, underweight, and alcohol drinking in both men and women. It was also associated with age 50-69 years, education, blood group B, and marital status (single). However, the association with age was significant only in women while that with education, blood group B, and single status was significant only in men. Lower HDL was associated with uric acid, triglycerides, LDL ≥130 mg/dL, BMI (overweight and obesity), waist-hip ratio, and smoking in both men and women and with coffee drinking only in women (Table 3) . Based on menopausal status, higher HDL was associated with age (50-59 years), total cholesterol and BMI (underweight) in both menopausal and non-menopausal women (Table 4 ). In addition, it was associated with marital status (divorced and widowed) and alcohol drinking. However, the association with marital status was only in non-menopausal women while that with alcohol drinking was only in menopausal women (Table 4) . Lower HDL was associated with uric acid, triglycerides, LDL ≥130 mg/dL, BMI (overweight and obese), waist-hip ratio, and body fat in both menopausal and non-menopausal women. Moreover, it was associated with coffee drinking. However, this association was only in menopausal women (Table 4) .
RESULTS

DISCUSSION
In the current study, factors associated with HDL were determined based on sex and menopausal status. Based on sex, there were significant differences between men and women as far as HDL is concerned. To our knowledge, this study is among the first in Taiwan to stratify the factors that are associated with HDL by sex and menopausal status. A study investigated the effects of gender and menopausal status on plasma lipoprotein subspecies and particle sizes [22] . However, its aim differs from that of the current study in terms of the outcome since this study's outcome was only HDL. Moreover, some previous studies conducted in women focused generally on cardiovascular risk factors and lipid profiles not specifically HDL [23] [24] [25] . It is well known that HDL levels in men and women significantly differ [17, 20, 21, 26] . One reason for this is the influence of estrogen and testosterone on the activities of hepatic lipase. Hepatic lipase plays a role in HDL metabolism and its levels are inversely related with those of HDL [27] . Estrogen and testosterone respectively tend to decrease and increase hepatic lipase levels [26, 28] . As a result, women tend to have higher HDL levels than men [17, 20, 21, 26] . In this study, the percentage of menopausal women was not significantly different from that of the non-menopausal women. Several studies on the association between HDL and menopausal status have shown controversial results [16] [17] [18] [19] 29] . It is still unclear whether the relationship between HDL and menopausal status is due to hormone levels [30, 31] . However, estrogen is believed to be associated with higher HDL levels [28, 32] . At post menopause, androgen levels are higher than estrogen levels thereby leading to relatively lower levels of HDL [31, 32] . HDL, body fat, waist circumference, BMI, triglyceride, and LDL are known risk factors of metabolic syndrome [33, 34] . Triglyceride, LDL, higher BMI, increased waist circumference, and body fat have been associated with lower HDL while lower BMI and total cholesterol have been associated with higher HDL [11, 20, 26, [35] [36] [37] . Among the metabolic biomarkers mentioned above, total cholesterol, triglyceride, LDL, and waist-hip ratio were associated with HDL in both sexes and www.oncotarget.com menopausal statuses in this study. However, BMI and body fat did not yield similar results based on our stratification. For instance, the different BMI categories were associated with HDL in both men and women. That is, underweight was significantly associated with higher HDL while overweight and obesity were significantly associated with lower HDL in both men and women. Stratification by menopausal status yielded similar results. However, significant results were prominent only in nonmenopausal women. It is unclear why significant associations were found only in non-menopausal women. Body fat was associated with lower HDL only in women. However, it was associated with lower HDL in both menopausal and non-menopausal women. Again, it is still unclear why there was no significant association in men. So far, the associations between age and HDL have not been consistent. For instance, in some studies, higher HDL levels were observed among older African Americans especially females [38] and Chinese adults [39] . However, in another study, a significant association between age and higher HDL was prominent only among Hong Kong Chinese females [40] . In this study, the association between HDL and age was stronger in women (higher β) than men in all age groups. However, a significant association was found only in women aged 50-69 years. A study showed higher levels of HDL in those aged 60-69 years [21] . The prominent association between age and HDL only in women might be due to estrogen. However, at age 50-69 years, estrogen levels are believed to be relatively lower than those at younger ages. Therefore, this association might not be explained in terms of estrogen levels. This greater influence might have been due to higher baseline HDL in females. In a study, educational level was associated with lower HDL in men, though not in a significant manner [26] . However, in another study, it was significantly associated with higher HDL [41] . In the current study, all educational levels were associated with higher HDL levels in the male participants. The impact of education on HDL seems to be in an indirect manner. It is thought that education affects the modifiable factors like smoking, drinking, and exercise which in turn affect HDL levels [26, 41] . Based on this knowledge, the existence of a significant association only in men can be explained. For instance, there was a positive association between HDL and quitting smoking in men only (Table 3) . Moreover, the association between alcohol drinking and HDL was stronger in men than women (Table 3) . Non-O blood groups have been associated with an increased risk of cardiovascular diseases [42, 43] . On the other hand, all blood groups have been associated with low levels of HDL and therefore, higher cardiovascular risk profiles [44] . In contrast, only blood group B was associated with higher HDL in this study specifically among men. It is not certain if this might have been due to some genetic factors. Therefore, future studies should elaborately investigate this. In this study, higher HDL was associated with marital status (for single men as well as divorced and widowed non-menopausal women). In a previous study, HDL was higher in single than married men and women but statistical significance was achieved only in men [45] . In another study, there was an association between HDL and marital status [11] . Similar to our results, statistical significance was prominent only among single men. Furthermore, in another study, the HDL of married women was not significantly different from that of the divorced or widowed women [46] . It is not very clear why a significant association was prominent only in single men in the current study. However, this might partly be due to some modifiable factors like BMI which can be managed by physical activity. Single men are more likely to be more physically active than single women. This can help in lowering the BMI as well as increasing HDL levels. Furthermore, it is not very clear why significant associations were prominent only in divorced and widowed non-menopausal women in the current study. One of the reasons could be that non-menopausal females are likely to have higher HDL levels at baseline when compared to menopausal females due to differences in estrogen levels. Moreover, most of the menopausal females are younger and can also engage in more exercise relative to the menopausal women. Similar to the current study, creatinine and uric acid have been significantly associated with lower HDL (29) (30) (31) . As previously shown, cigarette smoking is a well-known risk factor for low HDL [7, 11, 14, 16, 40] . However, moderate alcohol consumption is associated with higher HDL [8, 11, 15, 20, 37, 40, 47] . Similarly, alcohol consumption was associated with higher HDL among both sexes. Based on menopausal status, a significant association was observed only in nonmenopausal females. The reason for the absence of a prominent association in menopausal females cannot be explicitly stated. Despite the positive association of alcohol with HDL, only moderate amounts should be consumed due to other health issues associated with alcohol drinking. Like our results, a meta-analysis of observational studies and clinical trials showed that a plant-based vegetarian diet reduced HDL cholesterol [48] . However, another meta-analysis showed no significant association between HDL and vegetarian diet [49] . Coffee drinking was shown to enhance the HDL mediated reverse cholesterol transport [50] . One of the reasons for cholesterol efflux from macrophages is the presence of phenolic acids in coffee [50] . However, coffee also contains kahweol and cafestol which are believed to increase cholesterol. In this study, coffee consumption was associated with decreased HDL in only women and this has previously been shown [37] . Stratification by menopausal status yielded similar results. However, this was only in non-menopausal women. The reason why the association between HDL and coffee was significant only in women, especially non-menopausal women is unknown. Our study was limited in its cross-sectional nature. Adjusted for fasting blood glucose, GOT, GPT, SBP, DBP, betel nut chewing, exercise, diabetes, hypertension, heart disease, hyperlipidemia, stroke, hormone therapy, and oral contraceptives.
